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SUMMARY

An investigation was made to determine whether the temperature and
pressure conditions in the lower stratosphere would meet the require-
ments of the temperature method for accurate calibration of airspeed
installations. Measurements of temperature and pressure were made in
flights of a swept-wing fighter airplane on four clear days in March
and April 1953 over land near Lengley Field, Virginia. The results
indicated that, although the temperature lapse rate was favorable to
the method, large and erratic variations of temperasture with time and
distance precluded accurate calibration. Unfavorable atmospheric con-
ditions had also been found previously in an investigation of the upper
troposphere (NACA TN 2807) .

INTRODUCTION

The temperature method of airspeed calibration proposed in refer-
ence 1 is particularly attractive because of the simple instrumentation
and flight program involved. For satisfactory accuracy, however, the
method requires (1) a rate of change of temperature with pressure appre-
clably below adiabatic and (2) no large and rspid variations of tempera-
ture with time or horizontel distance that may be covered in the tests
at a given pressure level.

Although a survey of the available meteorological literature indi-
cated that satisfactory temperature lapse rates would be obtained in the
upper troposphere and in the stratosphere, sufficiently detailed informa-
tion on the pressure variations with time and horizontal distance did
not appear to be aveilable. A flight investigation was therefore made
to obtain such information and the results are presented in reference 2.
Because of the limited performance of the ailrplane used for the tests,
the surveys of pressure and temperature were limited to the upper tropo-
sphere (an altitude range from 23,000 to 31,000 feet) and the highest
speed avallable for a trial calibration was a Mach number of about 0.8.
The results of these measurements indicated that, on days when the
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temperature lapse rate met the requirement of the temperature method of
airspeed calibrations, the variation of temperature with time and hori-
zontal distance at a given pressure level was unsatisfactorily large and
irregular. Furthermore, on days when the variation with time and dis-
tance was satisfactory, the temperature lapse rate was adiabatic or very
nearly so. These results therefore indicated very little or no promise
for the use of the temperature method in the upper troposphere. The
question of the suitability of the conditions in the stratosphere, how-
ever, remained.

When an airplane with a higher performance than that used in ref-
erence 2 became availaeble, the surveys of temperature and pressure were
continued into the lower stratosphere (an altitude range from 35,000 to
45,000 feet) and an airspeed calibration was made up to about sonic speed
by the temperature method. The evaluation of these surveys and airspeed
calibrations is presented herein.

INSTRUMENTATION

Measurements of statlc pressure, impact pressure, and temperature
were recorded on photographic film and synchronized by a 0.l-second
timer.

Static-pressure and impact-pressure recorder.- An instrument recorded
static and impact pressures obtained from a pitot-static tube mounted on
a boom about 2 fuselage maximum diameters ahead of the fuselage nose of
the swept-wing jet-fighter airplane (fig. 1). The reading accuracy for
static and impact pressure was about 0.2 millibar. The errors in static
and impact pressures caused by lag were computed and were found to be
insignificant.

Thermometer .- Two thermometers and oscillographs were used to record
temperature. The adlabatic-type resistance sensing elements of both
thermometers are shown mounted under the fuselage nose in figure 1. The
thermometers were of the same design as that described in reference 2.
The oscillographs installed in the airplene had different sensitivities.
The approximate reading accuracy for one oscillograph was 30.07° C and
for the other oscillograph was 30.12° C. The temperatures presented in
this paper were evaluated from data obtained with the more sensitive
oscillograph; the other thermometer was used as a check instrument.

Some comparisons of data obtained in each flight with the two thermom-
eters indicated an occasional difference of measured temperature of no
more than about 0.3° C. As stated in reference 2, the recovery factor
of the thermometers is about 0.99 with an uncertainty of about +0.01;
for the altitude of these tests, the time lag is negligible (about
0.1 second).
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FLIGHT PROCEDURES

The data were obtained in four flights on clear days in March and
April 19535. Two surveys of the variations of atmospheric pressure and
temperature were made in spiral climbs for each flight in order to estab-
lish a pressure-temperature plot to be used in the airspeed calibration
of the high-speed dive. The high-speed dive was performed immediately
following the first survey and preceding the second survey. About 8 min-
utes were required for each survey while each dive was of about 1 minute
duration.

Surveys .- The variations of temperature and static pressure were
measured at a Mach number of about 0.8 in spiral climbing flight. The
climbs were made near the ceiling of the airplane and covered a range
of altitudes from about 35,000 to 45,000 feet. The angle of bank in the
climbs was limited by the climb performance of the airplane to 10°; the
resulting helix was undesirably large and had a diameter of nearly
4o miles.

Dives .~ The high-speed dive following the first climb survey of
each flight was made straightaway toward the center of the climb helix.
The dives started at an altitude of about 45,000 feet and a Mach number
of about 0.8 and ended in a pullout at about 35,000 feet; a maximum Mach
number of gbout 1.0 was obtained in the dive. The dives covered approxi-
mately 8 miles horizontal distance. As in the climb surveys, continuous
records were taken of static pressure, impact pressure, and temperature.

RESULTS AND DISCUSSION

Pressure~temperature surveys.- Measurements of temperature and pres-
sure in the surveys were converted to free-stream values by using umpub-~
1lished results of a calibration (by the radar method of ref. 3) of a
similar airspeed installation on another airplane of the same design.

The method of correcting measured temperature and pressure to free-stream
values is given in reference 2.

The variastions of free-streem temperature with static pressure are
shown in figure 2 for surveys in four flights. Reports of turbulence,
haze, and vapor tralls are also included on the plots for f£lights made
on March 27, March 30, and April 8. Similar information was not reported
by the pilot for the flight on April 14. Lines representing a dry adiabat
and the NACA standard atmospheric pressure-temperature relationship are
included for comparison with the surveys (temperature range of the stand-
ard atmosphere was lower than the range of temperatures on March 27 shown
in fig. 2(a)).
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The surveys of pressure and temperature showed appreciable ranges
of altitude that were isothermal or in which & temperature inversion
occurred, both conditions favorable to the temperature method of airspeed
calibration. There were, héwever, erratic differences of as much as 4° C
between the two surveys of each flight; and, in fact, differences of 4° C
were apparent even in a given survey of altitudes at the time when the
airplane stopped climbing momentarily (for example, pressure altitude near
h0,000 feet in second survey shown in fig. 2(a)). The spread of temper-
ature values at a particular pressure level was probably an effect of
the variation of temperature with time and with the horizontal distance
covered in the surveys. As mentioned previously, both thermometers indi-
cated the same temperature to within 0.3°© C.

Airspeed calibration.- The effect of these large differences in
temperature on the calibration of the airspeed installation by the
temperature method is shown in figure 3 where the ratio of the difference
between measured static pressure p' and free-stream static pressure p
to the measured impact pressure qc' is plotted against the indicated

Mach number M'. The airspeed calibration was evaluated by using the
average of the two surveys for a given flight only in the range of pres-
sure altitudes for which the temperature of the atmosphere was isothermal
or for which a temperature inversion was indicated by the surveys. Even
with this selection of data, the scatter in the values of static-pressure
error is too large for an acceptable calibration of the airspeed instal-
lation. The meximum scatter of static-pressure error is about 0.12 q¢'
and, for an isothermal atmosphere, corresponds to a temperature scatter
of about 7° C, which is greater than the difference between the two sur-
veys of any flight. The average of the two surveys in a flight may not
represent the atmosphere through which the dive of that flight was made.

Since clear-air turbulence was encountered in the flights, consider-
ation was given to the possibility that the temperature scatter was
caused by the noted turbulence. Therefore, a plot of the variations of
static-pressure error with indicated Mach number was made by using only
the data obtained in the altitude ranges with temperature inversion or
isothermal conditions for which no appreciable turbulence was encountered.
The results shown in figure 4 indicate a reduction in the scatter, but
the remaining scatter (about 0.05 aq¢') is still umsatisfactory.

Unpublished results of a calibration by the radar method of a simi-
lar airspeed installation on another airplane of the same design as used
in the present tests are shown in figure 3 for comparison with the evalu-
ation by the temperature method. The dotted lines in figure 3 indicete
the scatter of the data obtained for the radar method. The average value
of the static-~pressure error determined by the temperature method is about
1 to 2 percent of the measured impact pressure qe' above the curve

representing the average of the data for the calibration by the radar
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method. The scatter in values of static-pressure error is apparently
large enough to mask the relatively large variation of the static-
pressure error with Mach number.

CONCLUDING REMARKS

An investigation was made to determine whether the temperature and
pressure conditions in the lower stratosphere would meet the requirements
of the temperature method for accurate calibration of airspeed instal-
lations. Although the tests were conducted on only four separate days
within a three-week period, the results indicate that the temperature
method does not appear to be very promising for airspeed calibration in
the lower stratosphere. Some improvement in the results obtained may
perhaps be realized if an airplane having a better climb performance
(describing a helix of smaller radius in the surveys) were used.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Va., December 16, 1953.
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Figure 1.~ Nose boom, pitot-static tube, and thermometer
installed on eirplane.
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Figure 2.- Variation of free-air temperature with atmospheric pressure.
Surveys were made in spiral climbing flight at a Mach number of

about 0.8.
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Figure 2.~ Continued.
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Figure 4.~ Error in static pressure determined by evaluation of surveys
and dives, excluding data obtained in turbulent ailr.
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